Abstract-Preparation of new hetaryl-containing planar chiral ferrocene by a nucleophilic substitution of hydrogen in azines was performed using a lithium derivative of (S)-ferrocenyl-p-tolylsulfoxide as s nucleophilic reagent
Planar chiral ferrocene derivatives are extensively used as ligands in versatile reactions of asymmetric synthesis [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . An important place among the ligands of the ferroce series belongs to heterocyclic derivatives capable of forming complexes with metals and also with charged and neutral molecules [1, 11] .
Quite a number [12] [13] [14] [15] [16] [17] of compounds is known containing chiral groups, among them sulfoxide I (Scheme 1) [18] . The presence in the ferrocene structure of directing the 1,2-lithiation chiral moieties plays a decisive role in attaining both regio-and diastereoselectivity owing to the formation of cyclic structures in the intermediate metal derivatives (Complex Induced Proximity Effect, CIPE) [19, 20] due to the coordination of the lithium atom by the lone electron pair in the directing group, and to the spatial orientation of the substituent at the asymmetric center of the side chain of the ferrocene scaffold (compound B, Scheme 2) .
In most cases hetarylferrocenes, also the optically active ones, are prepared by cross-coupling catalyzed with transition metals [1, 11, 16] . At the same time the direct С-С and C-X couplings (X = N, O, S, P) are known of nucleophilic reagents with azines, the reactions of direct nucleophilic aromatic substitution of hydrogen (S N H reaction) providing the possibility to functionalize the bonds C sp 2 -Н in (hetero)arenes [21, 22] . We formerly showed the effi ciency of the S N H reaction in the direct coupling of lithium derivatives of ferrocene and cymantrene with azines [23] [24] [25] . To the best of our knowledge the S N H reaction was not used as the key stage in the synthesis of chiral P,N-ligands.
In this report we show by an example of (quinolin-2-yl)-containing ferrocene P,N-ligand that the S N H procedure can be applied to the preparation of planar chiral compounds.
In [18] (Scheme 1) a fi ve-stage synthesis was described of a ligand (S Fc ,S)-[2-(quinolin-8-yl)ferrocene-1-yl]-p-tolylsulfoxide (III) using as the initial reagent sulfoxide I [26] that was subjected to lithiation (i), then to transmetallation into Zn-derivative А (ii), and to palladium-catalyzed cross-coupling with 8-bromoquinoline by Negishi reaction to obtain fi nally compound III, whose p-tolyl sulfoxide group was replaced by a diphenylphosphine residue.
We showed that the application of the S N H procedure made it possible to introduce directly a quinoline residue into compound B (Scheme 2). This approach has a number of advantages: It permits avoiding the use of quinoline haloderivatives, does not require the application of palladium salts and of the accompanying ligands, reduces the number of stages. The overall yield with respect to compound I along our protocol reached 50.4% (28.5% [18] ).
Compound B readily enters into the direct coupling reaction with quinoline (IV) affording the corresponding planar chiral derivative V at -78°С within 30 min. It is presumable that the formation of compound V proceeds according to the scheme generally accepted for the S N H reaction [21, 22] : the addition of the lithium derivative B to the azine with the formation of σ Н -adducts C, their hydrolysis to dihydrocompounds D, and fast spontaneous aromatization of dihydroazines D to the reaction products V under the oxidative action of the air oxygen (Scheme 2).
Sulfoxide I we prepared by an improved method reacting ferrocenelithium with (S)-(-)-menthyl-p-tolylsulfi nate at -78°С. The process proceeds stereoselectively with the formation of S-isomer in a good yield (80%).
The exchange of the functional group sulfoxidelithium in hetarylsulfoxide V and the subsequent introduction of the diphenylphosphine fragment afforded a
Thus at -78°С in anhydrous THF PhLi reacts with derivative V giving within 10 min 1-lithium-2-hetarylferrocene E that with PPh 2 Cl·BH 3 furnishes a stable against the air and moisture borane complex VI (Scheme 2). Complex VI was subjected to column chromatography on SiO 2 . The removal of the borane protection occurs readily at heating compound VI in diethylamine in a quantative yield [27] . Compound VI was isolated in 72% yield. The de value for compounds V, VI was >99%.
The assumed structure of 1,2-disubstituted hetarylferrocenes is in agreement with the data of 1 H and 13 С NMR, IR, and mass spectra; the composition is consistent with the elemental analysis data. The optical purity of the derivatives was determined by HPLC on a column with an optically active adsorbent Chiralcel OD-Н. Hence the S N H procedure that we applied for the fi rst time to the synthesis of chiral ensembles ferrocene-azine made it possible to simplify their synthesis. We believe that the above described metal noncatalyzed S N H crosscoupling possesses a general character. EXPERIMENTAL 1 H (400 MHz), 13 С (100 MHz), and 31 P (162 MHz) NMR spectra were registered on a spectrometer Bruker Avance II (400 MHz) from solutions in CDCl 3 . Chemical shifts are reported from internal reference SiMe 4 . The assignment of 1 Н and 13 С signals was performed with the help of a combination of 2D heteronuclear experiments 1 H-13 C HSQC and 1 H-13 C HMBC. IR spectra were recorded on an IR Fourier spectrophotometer Bruker Alpha equipped with a device for measuring incomplete internal refl ection. Mass spectra were taken on an instrument MicrOTOF-Q II Bruker Daltonics. Elemental analysis was carried out on an analyzer Perkin Elmer 2400-II, HPLC analysis, on a chromatograph Merck Hitachi (column DIACEL Chiralcel OD-H). The rotation angles were measured on a spectrophotopolarimeter Perkin Elmer 343 Plus. The solvents were purifi ed and dried by standard procedures. In the study were used commercial reagents quinoline, (S)-(-)-menthyl p-tolylsulfi nate, BuLi, LDA, PhLi, THF purchased from Sigma-Aldrich, all other reagents and solvents were obtained from Khimreaktivsnab. Bromoferrocene [28] , Ph 2 PCl·BH 3 [18] were synthesized by published methods. The properties of compounds coincide with the published data [18, 28] .
(
S)-Ferrocenyl-p-tolylsulfoxide (I).
To a solution of 0.265 g (1 mmol) of bromoferrocene in 6 ml of THF under an argon atmosphere at room temperature was added 0.63 ml (1 mmol) of 1.6 M solution of BuLi in hexane, and the mixture was kept for 20 min. Then to the reaction mixture was added 0.325 g (1.1 mmol) of (1R,2S,5R)-(-)-menthyl-(S)-p-toluenesulfi nate in 15 ml THF, the mixture was cooled to -78°С and maintained for 30 min. The reaction products were isolated by column chromatography, eluent hexane-ethyl acetate, 7:3 (R f 0.3). Yield 0.217 g (67%), yellow powder. The properties of compound I are consistent with the published data [26] . 
